Abstract White tail disease (WTD) is a serious viral disease in the hatcheries and nursery ponds of Macrobrachium rosenbergii in many parts of the world. A new disease similar to WTD was observed in larvae and post larvae of M. rosenbergii cultured in Malaysia. In the present study, RT-PCR assay was used to detect the causative agents of WTD, M. rosenbergii nodavirus (MrNV) and extra small virus (XSV) using specific primers for MrNV RNA2 and XSV. The results showed the presence of MrNV in the samples with or without signs of WTD. However, XSV was only detected in some of the MrNV-positive samples. Phylogenetic analysis showed that the RNA2 of our Malaysian isolates were significantly different from the other isolates. Histopathological studies revealed myofiber degeneration of the tail muscles and liquefactive myopathy in the infected prawns. This was the first report on the occurrence of MrNV in the Malaysian freshwater prawn.
Introduction
The freshwater prawn, Macrobrachium rosenbergii, is the most popular palaemonid in the world and is commercially cultured for its high protein content, in southeast Africa, Japan, Taiwan, Latin America, and some countries in Africa. M. rosenbergii breeds easily, with short farming period, fast growth and large size, and renowned for its taste. Therefore, it has become the most valuable prawn species in aquaculture.
A variety of bacterial and viral diseases including white tail disease (WTD) has been detected in freshwater prawn farms. WTD is a viral disease which causes high mortalities in M. rosenbergii. WTD-infected prawns are generally diagnosed by the whitish appearance of muscles in the second abdominal segment which gradually extends to the anterior and posterior regions. The disease is found to be caused by M. rosenbergii nodavirus (MrNV) associated with extra small virus (XSV). Both MrNV and XSV are icosahedral and non-enveloped viruses which are found in the cytoplasm of the target cells in infected prawns, particularly the connective tissue cells [1] . The genome of MrNV consists of two single stranded RNA (ssRNA), RNA1 and RNA2, of 2.9 and 1.26 Kbp, respectively [2] , while the XSV genome only consists of a linear ssRNA of 769 nucleotides encoding a capsid protein of about 17 kDa [3] . The clinical signs of the infection are not specific to WTD and are not easy to establish, particularly at the earlier stages of infection. Therefore, other methods like ELISA, dot-blot hybridization, in situ hybridization and reverse transcription-polymerase chain reaction (RT-PCR) assays have been developed for the detection of MrNV [3] [4] [5] [6] and XSV [7] . Among the available methods, detection of the viral RNA using RT-PCR appears to be more sensitive [3, 5, 8] . Furthermore, it can be used in routine monitoring in hatcheries; for early detection when the virus content is low; for investigations in brooders and seed prawn; detection of the potential carriers; and the transmission of the viruses as well. Therefore, in the present study, the RT-PCR method was chosen to be used for the detection of MrNV and XSV associated with white tail disease in larvae and post larvae (PL) in different hatcheries in Malaysia.
Materials and methods

Sample collection
Thirty larvae and PL of M. rosenbergii with or without prominent signs of WTD were randomly collected from two different suspected hatcheries (Timun river in Negeri Sembilan and Perak river in Perak) and one from a farm wild in Malaysia located in Negeri Sembilan (farm A) (Fig. 1) . The hatcheries and farm A had an outbreak of WTD with high mortality. The samples were washed with sterile water; transferred to sterile DEPC-treated tubes; cut and kept at -20°C before being processed. Normal samples (ten), with no signs of the disease, collected from healthy farms were used as negative controls.
RNA extraction
Total RNA was extracted from the tail muscles using Trizol reagent (Invitrogen, USA). Briefly, homogenized tissues (0.4 ml) were treated with 0.6 ml of Trizol for 15 min at room temperature (RT) followed by adding chloroform (0.2 ml). The samples were mixed vigorously and then incubated at RT for another 10 min. After centrifugation at 12,0009g for 15 min, RNA was precipitated from the upper aqueous phase using 0.7 volume of isopropanol and centrifuging at 12,0009g for 15 min. After washing the RNA pellets with 75% ethanol, the pellets were air dried and then dissolved in RNase free water. The concentration and purity of the samples were determined by measuring absorbance at 260 nm and the ratio of OD 260 nm /OD 280 nm , respectively.
Reverse transcription-polymerase chain reaction
Reverse transcription-polymerase chain reaction was carried out by using the access one step RT-PCR system kit (Promega, USA) to synthesize cDNA from the extracted RNA. Two pair primers were used for screening MrNV RNA2 and a pair primer for XSV RNA. The primers were designed from the published sequence of MrNV and XSV [5] . The RT-PCR was performed in a gradient thermal cycler (BioRad, USA). Following a reverse transcription step at 45°C for 45 min and then denaturation at 94°C for 3 min, the samples were subjected to 35 cycles of 40 s at 94°C; 1 min at 53°C or 55°C for RNA2 of MrNV or XSV, respectively; 2 min at 68°C; and a final elongation step at 68°C for 10 min. The PCR products were analyzed by electrophoresis on a 1% agarose gel, and then visualized by staining with ethidium bromide.
TA cloning
To determine the nucleotide sequence of the amplified fragments, the 646 bp RT-PCR fragments were inserted into pGEM-T easy vector (Promega, USA) and then introduced into Escherichia coli Top10 cells, according to the manufacturer's instructions. The resulted clones were screened on X-gal/IPTG ampicillin selective LB agar plate. To confirm the presence of the inserts, the extracted plasmids were subjected to PCR using the specific primers for MrNV RNA2. Positive recombinant plasmids were purified and then subjected to DNA sequencing.
Sequence analysis
Nucleotide sequence of the partial genome of MrNV was detected and then compared with the published sequence of other nodavirus isolates at GenBank using basic local alignment search tool (BLAST). Finally, a phylogenetic tree was constructed using the MEGA software [9] . Boostrap support of branches was calculated for maximum parsimony analysis with 1,000 data resamplings. Further analysis was done using the TCS software to estimate the genealogical relationship between the sequences [10] . Identical sequences were grouped into haplotypes and a network was generated.
Histopathological studies
Whole larvae and PL of prawns with milky white abdominal muscles and controls were fixed in Davidsons fixative solution for 24 h and then transferred to 70% alcohol for subsequent histological preparation according to Bell and Lightner [11] . The tissues were embedded in paraffin, blocked and sectioned 5-6 lm in thickness. The sections were stained with hematoxylin and eosin for light microscopy observations.
Results
The post larvae and larvae of M. rosenbergii with clinical signs of WTD were tested for MrNV and XSV by RT-PCR using specific primers for the viruses. The primers were designed to amplify 646 and 1114 bp of MrNV RNA2 and 500 bp of XSV RNA. The reactions were carried out in a gradient thermal cycler (BioRad, USA) and the products were analyzed by agarose gel electrophoresis with 100 bp and 1 kb DNA ladders (Fermentas, Canada) to estimate the sizes of the products. As it is shown in Fig. 2 , the RT-PCR products correlated with the expected sizes, indicating the specificity of the primers and the amplification conditions. No amplification was found in the healthy samples as negative controls. MrNV RNA was detected in 12 samples with signs of WTD from all three locations, while XSV was found in 16.6% of the MrNV-positive samples. Positive samples from farm A were named Mun1, 2, and 3 according to the manager name. The partial sequence analysis of the RNA2 in the MrNV-positive samples revealed 98% identity with those from China (AY231437.2) and moderate identities (94%) with those from the French West Indies (AY222840.1) isolates (data not shown). The phylogenetic tree and its analysis were obtained using the published sequences of RNA2 MrNV isolates available in the GenBank database by using the MEGA version 4 and TCS softwares [9, 10] . The maximum parsimony tree was constructed from 21 individuals including outgroups (Fig. 3) . All M. rosenbergii samples were clustered together with the China isolate (AY231437.2) in one group, although, the Malaysian isolate Mun3 (GU476558) showed more similarity with the China isolate.
TCS haplotype network showed the genealogical relationships among the variable sites in all 16 haplotypes of the partial gene sequences for MrNV and calculated a 95% parsimony connection limit of nine steps (Fig. 4) . From the 21 nucleotide sequences, a total number of 16 haplotypes were identified. There was a single haplotype for each sample except haplotype 1 which was shared by farm A, Timun 1 and 2, Perak 3, 4, and 5. One of the Malaysian isolate (Hap1 = Mun1) was as a root which had only five nucleotide substitutions when compared to the Chinese isolate. It seems that haplotype 1 is ancestor to other strains.
There was only small genetic distance between the Malaysian isolates and the outgroups. Most samples showed genetic distances of less than 0.1 between them; the highest genetic distance was between four (outgroups) and one (farm A) while the lowest value was between three (Perak-hatchery) and two (Timun river-wild).
Hierarchical analysis of molecular variance (AMOVA) showed no significant differences among the Malaysian nodavirus isolates (P C 0.05), while they were significantly different from the outgroups, isolated from the rest of the world (P \ 0.05).
The occurrence of WTD in the infected prawns caused by MrNV and XSV was further verified by histopathological examinations which showed progressive myofiber degeneration of the tail muscles and liquefactive myopathy in the infected prawns. More specific features including muscle fiber, fragmentation, granulation, and hemocyte infiltration were also observed in the infected samples (Fig. 5a-d) . The pathological lesions of this disease were similar to those for Macrobrachium muscle virus (MMV) disease, except for the presence of cytoplasmic inclusion bodies which were not detected in this study [12] .
Discussion
Macrobrachium rosenbergii nodavirus is classified as a member of the family Nodaviridae by its morphological and biochemical characteristics [13] . Nodaviruses were first isolated from insects [14] and recently they have been Fig. 2 Agarose gels electrophoresis of RT-PCR products amplified from RNA extracted for detection of nodavirus in M. rosenbergii. a 646 bp amplified product using primer pair 1 for RNA-2 of MrNV. b 1,114 bp amplified product using primer pair 2 for RNA-2 of MrNV. c 500 bp amplified product using primer pair 3 for XSV Fig. 3 Phylogenetic tree based on the nucleotide sequences for Malaysian isolates of MrNV. The tree was constructed using the MEGA version 4 software. The Mun3 isolate showed closed relation with the Chinese isolate found in the larvae or juveniles of some marine fish [15] . In the present study, RT-PCR was used to detect the presence of MrNV and XSV in the post larvae and larvae of M. rosenbergii with the clinical signs of WTD. The results of this study showed the presence of nodavirus in the PL and larvae of M. rosenbergii, even in the samples with no clinical signs. Similar observation was also reported by Widada et al. [7] where all their nodavirus positive samples showed no evident symptoms. These samples were carriers of nodavirus. Consistent with the Fig. 4 TCS network previous study, XSV RNA was only detected in a few (16.6%) of the MrNV-positive samples [7] . The sequence of the MrNV isolates showed similarity with a Chinese isolate (accession no. AY231437.2). Phylogenetic tree analysis and molecular variance (AMOVA) analysis demonstrated that the RNA2 of our Malaysian isolates were significantly different from the other isolates (P \ 0.05). Histopathology of WTD-affected prawns showed them to have lesions associated with MrNV. The histopathological study showed progressive segmental myofiber degeneration of muscles and subsequent necrotic myopathy.
In conclusion, the results of the present study showed that RT-PCR is a sensitive diagnostic method for the detection of nodavirus in the infected samples. Furthermore, this method can be used to investigate for the presence of potential carriers of MrNV thus allowing the adoption of a proper strategic plan to prevent outbreak of the disease in hatcheries.
